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Effect of the Changing the Lower Limits of Normal and the
Interpretative Strategies for Lung Function Tests

Seung Won Ra, M.D., Ji Seon Oh, M.D., Sang-Bum Hong, M.D., Tae Sun Shim, M.D., Chae-Man Lim, M.D.,
Youn Suck Koh, M.D., Sang Do Lee, M.D., Woo Sung Kim, M.D., Dong-Soon Kim, M.D., Won Dong Kim, M.D.,

Yeon-Mok Oh, M.D.

Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine and the Clinical Research Center for Chronic
Obstructive Airway Diseases, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Background: To interpret lung function tests, it is necessary to determine the lower limits of normal (LLIN) and to
derive a consensus on the interpretative algorithm. ‘0.7 of LLN for the FEV/FVC was suggested by the COPD
International Guideline (GOLD) for defining obstructive disease. A consensus on a new interpretative algorithm was
recently achieved by ATYERS in 2005. We evaluated the accuracy of 0.7 of LLN for the FEV/FVC for diagnosing
obstructive diseases, and we also determined the effect of the new algorithm on diagnosing ventilatory defects.
Methods: We obtained the age, gender, height, weight, FEV; FVC, and FEV/FVC from 7362 subjects who underwent
spirometry in 2005 at the Asan Medical Center, Korea. For diagnosing obstructive diseases, the accuracy of ‘0.7 of LLN
for the FEV/FVC was evaluated in reference to the 5 percentile of the LIN. By applying the new algorithm, we
determined how many more subjects should have lung volumes testing performed. Evaluation of 1611 patients who had
lung volumes testing performed as well as spirometry during the period showed how many more subjects were diagnosed
with obstructive diseases according to the new algorithm.

Results: 1) The sensitivity of ‘0.7 of LLN for the FEV/FVC for diagnosing obstructive diseases increased according to
age, but the specificity was decreased according to age; the positive predictive value decreased, but the negative
predictive value increased. 2) By applying the new algorithm, 34.5% (254(/7362) more subjects should have lung volumes
testing performed. 3) By applying the new algorithm, 13% (205/1611) more subjects were diagnosed with obstructive
diseases; these subjects corresponded to 30% (205/681) of the subjects who had been diagnosed with restrictive diseases

by the old interpretative algorithm.

Conclusion: The sensitivity and specificity of ‘0.7 of LLN for the FEV/FVC for diagnosing obstructive diseases changes
according to age. By applying the new interpretative algorithm, it was shown that more subjects should have lung
volumes testing performed, and there was a higher probability of being diagnosed with obstructive diseases

(Tuberc Respir Dis 2006: 61: 129-136)
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M B

A& SAUOR guy e drlsare 257

Address for correspondence: Yeon-Mok Oh, M.D.
Division of Pulmonary and Critical Care Medicine,
Department of Internal Medicine and Clinical Research
Center for Chronic Obstructive Airway Diseases,
Asan Medical Center, University of Ulsan College of
Medicine 388-1 Pungnap-2dong, Songpa-gu, Seoul,
Zip #138-736, Korea

Phone : 02-3010-3136, FAX : 02-3010-6968

E-mail : ymoh55@amc.seoul kr

Received : Jun. 27. 2006

Accepted : Jul. 18. 2006

]

A

ference equation) A7, &4 4745}k (lower limits

of normal) A4, A s E% gto] So|t}
AA, A3 S5AL JAE Yepuith &fo] 7} v

g2 o] vtAH #H 75 HAF Aol frelatAl 2t

|7} W7|BE A ZA] AR Felajok Fy,
=4, B7stet ARt WH2 Al 71HA7F 9l

ol ‘A gk R, 95% AE T W WS

) -

(percentile) 'S5 olth o5 E9 A A A

129



SW Ra et al.

3(chronic obstructive pulmonary disease, COPD)
kel Aol s ddehs de d2&FEVY
FVC) < 0.7 ®Rie] 5Alx Zlo Al Agsh= il

o] W AAsE S nAZke 078 AHEEt 9l
P Ak A2 & (FEV/FVC) AAEeAE 14
701 075 dhe AL FA7) 9t 1 o) A
o] Zrle2 AAele dxg AAE A7} Had
= Qo oA 9l7] witoltP’ wteba A#e u}
2 7ha 2 7okl 928 AAEER] A4S ‘9%5%
A7 oL} ‘95 R9) whS ALEEHE A
:":

o] © =g|Aolgtal &
AR, FH < Pl =rg5-8F3] (American Thoracic So-
clety, ATS)¢} fH%57138}3](European Respira-
tory Society, ERS)7} &<lste] A 7] AL 1A
SEZ AN, o] X EF L st 1A
= 298 dx&(FEV/FVO)°] A4
HLFHEFVC)o] A/dstHA]
RH SRS vEE Al 2 A e AL )
AN F7E A gEiA SEE(total lung
capacity, TLC)o] AdatgtA] mwkel kAnhs A g
Aol = siAskaL, vk Fuge] AAetetA] o
Q1 BAb= HH % OH—E-— s|Astar Qv whebA,
ATS/ERS A A& g & 735 A&AHAE

2
U
ool 3 w4
]_

wo

Aleysfof st 747} ﬂrﬂ IMEEEE BE AT
Hop 712 o A7IA = H gl = A sl of
g A% F7E o A7 Ak

= ATl = BAtate] Wstet A A 5wt
AA A7 5L s ol oW Fgs mA=A ot
Bzt shqitk

wA, A G E kst AdsksAE 1A
kel ‘A2 8(FEVY/FVC) < 0.7% 3192 w 2
o] Hews HFrishich

T3h ATS/ERS?] A 34 E%Eg AA gz 7
sl A

£ 0 AGHYAE F712 Aokt o sfop
Ast AN PN BAZ A9 97k Ao
W F7bekeA obnsieh

130

* Lower limits of normal and interpretative strategies for lung function tests

o] g3l ‘Ax& (FEWFVC <079 oi%lEz |
7bakaiet T3 it AS o]-&3te] ATS/ERS A
= Q

>

FUsEEE 4eoae o AEHLAE 272 o
Slok shz 97k Aol FkekeA ATsdck

g BE 01%0}01 ATS/ERS A OH*-.E% =
485 gl B4 A= 497t Akt
F7hsheA AFasnt
2. 8 o

HeF Z4 7] (Vmax22 ¥+ 2130, Sensor Medics,
vl=n) & ARESEe] 12784 3 7] % (forced expira-
tory volume in one second, FEV)¥} =24 # &k



Tuberculosis and Respiratory Diseases Vol. 61. No.2, Aug. 2006

A | FEV1/FVC = LLN | B | FEV1/FVC = LLN
Yes No Yes No
FVC > LLN f—— Fvc> LN [Fve> unf— [Fv = L]
Yes No Yes No Yes No Yes No
TLC = LLN TLC = LLN TLC = LLN
Yes No No Yes Yes No
| Normal | | Restriction | | Obstruction | | Mixed defect | | Normal | | Restriction | | Obstruction | | Mixed defect |

Figure 1. Algorithms for the interpretation of lung function tests

The left algorithm (A) was suggested by American Thoracic Society(ATS) in 1991; the right (B) by American
Thoracic Society/European Respiratory Society(ATS/ERS) in 2005. FEV;, forced expiratory volume in one second;
FVC, forced vital capacity; LLN, lower limits of normal; TLC, total lung capacity
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Table 1. Characteristics of the subjects (group A)

Men Women

Number 4204 3158

Age (years) 60.4 £ 12.6* 58.9 + 13.0
Height (cm) 167.4 £ 6.1 164.7 £ 5.9
Weight (kg) 65.7 + 10.6 56.9 + 9.0
FEV41/FVC (% Predf ) 95.5 + 18.9 100.9 + 13.3
FEV1 (% Pred) 776 +21.6 856.7 £ 20.3
FVC (% Pred) 80.5 + 16.2 84.0 £ 16.2

* Mean # standard deviation
t % Predicted value
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Table 2. Characteristics of the subjects (group B)

Men Women
Number 1062 549
Age (years) 61.4 +12.3" 56.7 £ 12.8
Height (cm) 167.2 £ 6.1 155.0 =+ 6.0
Weight (kg) 65.6 + 11.0 56.2 + 8.3
FEV1/FVC (% Predt ) 90.7 + 21.4 96.0 + 16.3
FEV; (% Pred) 68.0 + 21.0 725+ 19.9
FVC (% Pred) 74.7 £ 17.0 755+ 17.3
TLC (% Pred) 85.3 + 18.6 84.8 + 18.2
* Mean * standard deviation
t % Predicted value
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Figure 2. Sensitivity and specificity of FEV:/FVC ¢
0.7 diagnosing obstructive diseases.

Spirometry was performed for 7362 patients from
July 1 to November 30, 2005 in the Asan Medical
Center. ‘FEV4/FVC ¢ 5" percentile” was used as the
gold standard to define obstructive diseases.
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Figure 3. Positive predictive value(PPV) and negative
predictive value(NPV) of FEV1/FVC < 0.7 diagnosing
obstructive diseases.

Spirometry was performed for 7362 patients from
July 1 to November 30, 2005 in the Asan Medical
Center. ‘FEV1/FVC { 5" percentile” was used as the
gold standard to define obstructive diseases.
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7362
FEV1/FVC = LLN
Yes 5575 1787 No
FVC = LLN — FVC>LIN |
Yes No Yes No
[ Nomal | [ T | [ obstruction | [ TLC ]
3035 2540(34.5%) 77 1070(14.5%)

Figure 4. Application of the new ATS/ERS algorithm
for the interpretation of lung function tests requires
that 34.5% of subjects should perform additional
lung volumes testing to obtain TLC. The numbers in
the algorithm represent numbers of subjects in each
flow; the percentages in parentheses represent
percentage of subjects to all subjects (n=7362). For
the 7362 subjects, spirometry was performed from
July 1 to November 30, 2005 in the Asan Medical
Center.

FEV., forced expiratory volume in one second; FVC,
forced vital capacity; LLN, lower limits of normal;
TLC, total lung capacity; ATS/ERS, American
Thoracic Society/European Respiratory Society
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205 288

| Normal | | Restriction | | Obstruction | | Mixed defect

337(21%) 476(30%) 684(42%) 114(7%)

Figure 5. Application of the new ATS/ERS algorithm
for the interpretation of lung function tests revealed
that additional 205 subjects were diagnosed as obs-—
tructive diseases.

The numbers in the algorithm represent numbers of
subjects in each flow; the percentages in parentheses
represent percentage of subjects to all subjects
(n=1611). For the 1611 subjects, both spirometry and
lung volumes testing were performed on the same
date from July 1 to November 30, 2005 in the Asan
Medical Center.

FEV;, forced expiratory volume in one second; FVC,
forced vital capacity: LLN, lower limits of normal; TLC,
total lung capacity; ATS/ERS, American Thoracic
Society/European Respiratory Society.
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